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RESEARCH AT THE STANFORD CENTER FOR RADAR ASTRONOMY

IXTRODUCTION

The Stanford Center for Rader Astronomy (STRA) is & joint
venturs of Stantord\nnivexsity {SU) and the Stanford Research
Institute (SRI) to facilitate cooperative eiforts {sclentific,
enginesring and graduate student training) in radar astronomy
and space science, The common interesgt in thisz field has grown
out of basic and applied research progrems st both groups for
radar studies of the uppér atmosphere and Intsrplanetary space,

NASA grant NsG-377 funds have been uged for s number of
theoreticasl and experimental investigstions $n radioc and radar
studies of space plasmas {the interplanetary wedium, the sarthia
magnetoapheric wake, the solar corona, planstary ionosphereg, etc.),
lunar and plsnetary surfaces, communication theory, and space-
craft instrumentation, Of particular interest for the veporting
period are two programs which have combined theory and experiment
to yield new results snd techniques,

The first of these is the completion of dats zonalvsis for
the FM-CW Lunar radar experiment, Tha results are presented in

full as Scientific Report ac, 17 (NsG-377, SU-SEL 66-11%%, They

7

are briefly summarized in this status report under the heading
"Monostatic Radar Astronomy!
he second program involved

S~band telemetry aignals at DSN 12 using the station toiomeoiyy




receiver drﬁ??ng 2 special 10 HHz phese~locked receiver. arsly-
sis of the dats on sagoetic tape at Stan?ord hes revealed that,

88 axpscted, both a signal direct from Grbiter and one reflecied
Zpom thw Junar surfsce cre present in the IF peezsband, The initisl
resuits were described in a lettsr report on 19 Detober, 1556,
Purther date reduction is underway in ah attexpt to produne

8 cne-dissnsionzl hologram of the iunayr surface,

PLANETARY RESRARCH
In the following section, individual graduate situdents
and research associates have given brief reports ¢of activity

during the period,

Monostatic Radar Astronomy

The analysis of iunar chirp-radar eckoes cbtsined on 6-
and 12-meters to determine the angular scettering properiies
of the moont's surface continued apg described in previcus reports.
More effort was spent attompting to it reduced dats to theore-
tical models of the scattering law than in reducing any more
dsta duriqg this period, Although & number of schemes ond
veriatiocns for fitiing the data to the model weye tried, there
wess no really satisfying result. Problems encountersad inciude
difficulty in determining the background noise level;, to which

the fitting process is very ssnsitive, snd doubits about the



validity of the theoretical scsttering formula at these wave-
lengthe e small angles,

it was decided to analyze more data more extensively to
obtein better resolution {i.=,, more data points per range
interval), a better estimate of the noise level, =nd smaller
v;risnce in the estimate of the power scattered in each renge
interval, This required = great increase in the computing
effort with the techniques used up te now, However, a nesw
algorithm for computation of frequency spectrs which allows
an sxtreme reduction in computing time has recently come to
attention and will permit this to be eazily accomplished,

A section of data which met the requirements cf a wide
saection of echo-free freguenaies for an zceurate nolse level
determination;, a small rate of change of the {requency of
range intervasls (Doppler plus integrated range), and good
gignal strength, was located in the Raysprn records snd digi-
tized onto magnetic tape., & program Is currently being wricten
to do the analysis., Simultenecusly, the thecratical considera-
tioneg sre belng investigated for the purpose of cobtaining a

fit to the data,

Planetary Surface Maguping

2z

The collectisn and initial reduction of surface bounce
date trom Lunar Orbiter T has continuved, At the rpomeni, w2 havs

ne fiesl results, but we have detectod ine

)
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locasted some of the features on the moon'is surface,

In the ﬁast 6 months, we have developed methods for con-
verting r.f, data into a on§~d1menaional bologram and have
been successful in the revonstruction of siwulated dsta, The

tschnigques which have been developed are being applied o the

proceoasing of the Lunar Orbiter I data.

Optical Analysis of Radar Imsges

It wag the objective of thig part of ithe program to inves-
tigate & number of important problems connactéd with the »ro-
poged method of mapping planetary surfacen; This method, which
invelver an extension of coptical toéhniquos of wavefront recon-
struction, makes use of & bistatic radar. betwesn the earth
and a spacecraft orbiting a planet to obtain the microwave
data and then employs optical methods for the reconstruction
of the image,.

In the course of this program, an optical system was
developed which permits the conveérsion of digital data to pre-
cise density variations on a photographic plate, The high reso-
iution spectroscopic plate is plsced on a uniforaly moving plat-
form whose exect motion is monitored by a laser, This lsser
output iz used to control the rate of a computer oulput so as
‘o achieve & very accuraie recording rate on the plate. The
dats from the computer is converted from digitail to analog form

and is used to modulate ths fatensity of anoiher laser wiose



cutput is passed through a narrow glit and carefully focused

cn the kigh-resclution plate, In this way, digital infcrmation
o a magnetic tape which, for example, may be ihe redar signal
along a satellite orbit, is converted tc density variations
zlong & line on the photographic plate, After the recording
and developing processes, the hologran m;y be 1lluumingted with
2 laser beam in order to obtain & reconstructed image,

This optical-computer svatem was suceassfully used to
record point scurces (from a tape of calculated data) on spectro-
scopic plates., Then, reconstruction of these artificisl points
wore obtained by using conventional reconstruction and spsatial-
filtering technigques,

In the current work in this program, data that was oblained
from actual radsar information of the moonfs zurface from 2 lunar
prolter 1s being smpioyed in the rescordirng znd rzconstruction

experisents,

Piagneisyy Armosphere and loncsphere

The anslysia of the ¥ariner Y4 radio occuliaiion data hus
been gontinuing during this reporting vericd, In particular,
the effects of the aimosphere on the S-band zmplitude have baen
studied in grester dataill, Further preparal-3:8 1&ve also been
wmede for tho radic caoouliation nessurements o be wsds during

vt e ilgriner YVenog 07 mission,




There are- two schools of thought with‘regard to the gtmo-
gpieric pressurs near the surface of Venug., Oms group of workers
explain the wavelength dependence of the microwave emission
Trom Venus in terms of a dyy atmosphere with a surface ypressure
of seversl hundred atmosphercs, The othey grbup ssguxes thst
th& high microwave temperature is caused by a greenhouss effact
dus to large amounts of water vapor. For the latter-nodals} the
total presgsur» at the surface of Venugs is on the order of 10
atmospheres,

Surface pressures on the order of a hundred atmosphores
are too high to permit tangertial penetration of the radio links
ali the way down tc the surface, Thus, for thsss zimeszpheric
mojels, neither the dusl-Ivequency nor the S-band 1667 oceul-
tation experiments would yield surface pressure., For the low
prassure models, on the other hand, haoth of the dual freguencies
{50 snd 425 ¥Mc/s) should at least be able to pensirate down to
the surfece on the night side of the planet where the ionospheric
reiraction is expected to be small., The S-band signal, on the
‘otheyr harnd, may, in this case, be absorbed by walar vapcor before
it has reachec down to the surface,

A calculation of the Venus echo strengths was made with the
Aricibo ionoepheric Observatory radar oan L0 MHz and 430 Hz on
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e of the Hariner £7 flyby of Venus in ordexr ro make an

indepandent measurement of the loncspheric puise deiay., It is



our conclusion that the sub-raday point will have been in
prolonged darkneis exnd the Vanus;nn 1ononphericraifect will not
bs casily measurable, Nevertheless, an esyth-based radar
moesurement should be scheduled for this dats, which, due to
Arecibo antenzs l.ndtatiénl, will oceur sbout b hours bsforve
the flyby of Veaus.

To ascquire an adeguate dackground for work on t‘ho proposed
Preliwinary Studf of Atmospheric Dsasity He;suremnta by
Means of Satellites (Proposal ro, RL 23-66), a literature survey
on.geveral related miuhjects was undertsi:en by ose studoat and rouzh
preliminary calculations were sads, Familiarizetion with the
project consisted of studying the proposal itself end sections
in the SPINMAP Final Report (the basgic idea of meazuring the
Earth!s atmospheric dengity by occultation experiments with
satellites is considered here).

Due to the general nature of the informatlion given in the
SPINMAP Report, time was necessarily spent duplicating and
verif}ing the calculations in the report and finding out many
of the deteils which were omitted., Rough calculation# were
made in the following areas: 1) simpliﬁied orkit determinations,
2) transponder receiver snd transmitter requirements, 3) approx-
imate "path-defeci" due to presence of atmosphere and the corres-
ronding Doppler shift introduced by it, L) effects of water

Vapor on measurements, and 5) the determinaiion ol opiimum



frequency for axperiment, Other npossgible problem aress which

aroge are being investigated now,

S8igral Procssaing

¥We have just started the development of a deita processing
package for high speed Fouriar analysis ‘an¢ convolution for
general use, Investigations were made of faster digital spec-
tral analysis using the Cooley-Tukey slgeoritha {Fa@t Fourier
Transforms) and outbcard digital hardware, Cur conclusions
ares that although the optimizetions are far from being fully
explored, bhoth techniques can increase the number of spectral
points per dollar by about & factor of 10 to 100, especially

for smail-sized optimally configured computers.

Solar Radar Program

Dering the summers of 1963, 1G6L and 1085, a total of
sbout 200 sitempts were made to obtain raday reflections from
the solar corona, A frequency-shift-keysd signal neaxr 25 WHz
with a basié L second pulse length was used in all attenpts,
with the frequency §hift heing 17, LO and S0 kHz, respectively.
The veracity of the @2ntire system has been proven by thorough
anaiysis, test runs, and the use cof wost of the equipment in
comparable radar investigaticns of the wmoon,

Nithin the sensivivity of the system, ro radar reiugis
have yet heen detected i{n any of (une data, The pressant conclu-

sion is (et the average vadar cross-section of the sun was




iess than ono-photosperis sren durisg 21l thzve dnts peric:
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Present offore is being devoled to salvaging zuch of the
‘ datx previously felt 2o be of an value, kins, since the effgo-
tive uystenw sensitivity casn be improved by the mwsmstion of

thy date from weny individual tyrials, propsrai
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Tur six months work continued on the switehins

bhandpasa filter projeci. This filteyr was described im Tuil

in the last raport, but briefly, it uses multiple path cach
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hnve‘becn adequate for FM or P¥ dut distortion ip the analog
multiplisers éaused modulation of the output which would hevs
heen detrimental in an AM systen,' Also, phage shifts in tran-
sistor steges made the unit hard to turne,

A new unit is being designed and will soon be comstructed.
The new unit will iuse analog switchas both for up-conversion
and dovn—cbnversion. It will also have digitslly gemorated
timing and phase shifting, It will be constructed with modular
vtechniques so that individual gections may be essily replsced,

A computer program is being prepared to simulate the
filter. Since any smplitude and phase errors sre cumilatiive,
it is hard to isclate their source, A computer eimulation should
aid in grror analysis.

| The biggest problem left to be zolved before we can have

a filter on a chip, is the design of a low-pass filter which
can be 1n;aggated. Active RC networks can aliminate the
inductance problem but, except for wide-band applications
{150 kc), the values of capacitance required by the low-pass
filter are too large toc be integrated using present techniques,
Until larger values of C are available in integrated circuits,

the low-pass filters will require hybrid techmigues,

Electron Density Detferminations

An eveluation is being made of 2 new method to delermine
where electron density variations cccur clong a propagailsn

rath, ‘The method uses a two-way radio link, yhat Is, a ground




based trensmitter at frequency fu’ 8 coherent satallite

trangponder transmitiing at - £, (2, 1s mear £), and s

phase~-locked receiver at An suto-correlation of the ro-

b4
a°
ceiver static phase erroyr is performed to detarwine where the
density varistionsg occur aslong the propegation path,

A statistical analysis of ¢he methad with respect {0
signal bandwidth and the number of resolution ceils along the
propagation indicates that the method is feasible. The disper-
sion problem caused by the motica of the earth and satallite
hes slso been studied, In general, it causges s smail loss
in the signel~to-nocise ratio,

In June of 1966, some prelimivary date for evaluation
purpcass was recorded at Stanford usimg the 136 Mc R and RR
2igneis from the IMP satellite, A DEI roceiver with 2 phase
detector {a multiplier) range of * 180° war used, Phase ex-
cursions grester than 180° would cause foldover snd make the
data useless. The evaluation results were as foilows:

1) The effects of the medium were larger thaa the ve-

ceiver phase jitter,

2} A histogram of the data did nct show amy foldover,
14t was Rlgo observad from the geometry of ths Roongn-to-THP-
ro~Stanford radic path that the Fresnel =zone overlap was very
:mell, A muoh closer transmitter-recelver srrangementy s nocew

mey,



A data source at S-baund frsguency appears to be the Pionper
VII satellite, The ground receiver and transmitier sre often
#t the same site and the stetic phase ervor is routinely re-
corded for other purpozes, Some of this data e currently
beilng evaluated to see if effects of the medium can be cbhserved
sbove the receiver phase jitter,

Some work is also being done to synthesize the effects
which we hope to measura in the propagstion medium, A digital
computer program has been written to compute the effects of a
grussian-ghaped pilasma cloud or the rscelved signsal, Eventusliy,
it is hoped, a random collection of plasma clouds can be placed
in the propagation path and thelr effect on the regeiwéd gignal
can be computed, This will #id in understanding and interpreting

the measurement resulys,
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SYNPOSIA ATTENDED ARD PAPERS PRESENTED

Eshleman, V. R., Repressntative of Commission IV, delegate
to the 15th General Assembly of URSI, Hunich Germany,
September, 1966,

Lugignan, B, B.,, "Observational Satellite Systems,"” presented
at the 17th International Aercnautical Federation Congress,
Madrtd, Spain, October, 1066,

Dyce, R. B., "Solar Corona Effects on Planetary Rader Echoes
Observed near Superior Conjunction,"” presented at Fall
URSI Meeting, Commission V, Palo Alto, California,
December, 1066,

Lusignan, B, B., "The Design of Space Experiments as an
Educational Process,” presented at the Fall URSI

Meeting, Joint URSI/G-AP Technical Session, Palo Alto,
California, December, 1966.

BUDGET

The total amount awarded for research grant NsG-377 for
the four-and-a-half year period from 1 January 1963 to 30
September 1967 is $800,000. As of 31 December 1066, $718,921

has been expended leaving a balance of $30,079.
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